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Abstract 
The design of Tail lamps has been changed dramatically since cars built. At modern lamps, the lenses are absolutely 
transparent and allow a direct view onto the weld seam. Conventional welding technologies, such as vibration and 
hot plate welding cannot compete with this demand. Focused on this targeted application, LPKF Laser & Electronics 
AG has developed in cooperation with the Bavarian Laser Centre a unique Laser welding technology called hybrid 
welding. 
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1. Development of plastic welding technology 
Joining plastic components is a problem which has occupied the minds of engineers for over half a century. The 
development of injection moulding launched the search for economic joining methods. Most plastic products still 
need to be joined up in some way even today to enable the component to be closed, e.g. after an assembly process. 
In the past, this was frequently done with screws, or the parts were glued together – the drawback with these 
methods is that they are very expensive and time consuming. The development of more economic and reliable 
joining techniques suitable for production lines was given a major boost when the automotive industry began to 
build more and more plastic components into their vehicles. This gave rise to the development of plastic welding. 
This initially began with hot plate and ultrasonic welding, but now includes a large number of different welding 
methods, including vibration welding. The most recent development is laser plastic welding, a technique which can 
now look back on around ten years of application in various industrial sectors. Driven by the enormous potential of 
modern laser welding devices, and spurred on further by the steady reduction in prices for laser sources, 
development has led to an expansion in applications and the launch of new processing options. No other method on 
the market today can boast such a huge diversity of process variants. 
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1.1. Laser welding of thermoplastics and its development 
People who recalls the early years of this technology tend to remember machines which took up a huge amount 
of space and required a great deal of maintenance. The solution to both of these problems was found in the further 
development of the laser sources. The breakthrough came with the replacement of the Nd:YAG lasers (neodymium-
doped yttrium aluminium garnet) by modern diode lasers. Service lives exceeding 20,000 hours today guarantee 
many years of problem-free industrial use. A prejudice which still lingers, however, concerns the costs of a modern 
laser welding system. The cost efficiency has been proofed by the usage in the highly cost driven automotive 
industry. Laser welding of thermoplastics has moved on from mere niche applications to become a highly interesting 
alternative to conventional methods. Hundreds of applications confirm the well-established place this technique has 
already earned itself in the industrial sector. Welding plastics using laser technology not only brings benefits from 
reductions in the use of consumables, it also produces very good qualitative results compared to other welding 
techniques. Laser welding is a non-touch method which keeps mechanical stress on the components to a minimum. 
The only stress affecting the product being joined is the vertical joining pressure. There are absolutely no vibrations 
which could damage the plastic housing or any internal components. This is the key property which makes it so 
attractive for the production of electronic housings of all kinds – an application which played a pioneering role in 
the development of laser welding. To avoid any risk to the internal electronic components, electronic housings 
cannot be welded using ultrasonic methods. And because screwing or gluing the parts together is expensive, laser 
welding becomes the best choice.  
Transmission laser welding is the most widely used laser welding technique. The two parts to be welded together 
must have different transmission properties, i.e. one of the components is transparent to the wavelength of the laser 
beam, whilst the other component absorbs the energy of the laser beam. Most lasers used today operate in the near 
IR range. This also enables components to be joined together which do not appear transparent to the human eye. 
During the joining process, the component is clamped, using a sheet of glass in the most simple cases: the laser 
beam passes through the clamping tool and the upper component. When it hits the surface of the second component, 
the light is absorbed and converted into heat (Fig.1). This heat is then also passed into the transparent component by 
thermal conduction causing the material of both components to melt. The plastic hardens again upon cooling to 
create a cohesive join. Transmission laser welding can be subdivided further according to the various means of 
guiding the laser beam along the joint line: as a result, simultaneous, quasi-simultaneous and contour welding are 
now all established in today’s market. Another new development involving the advantages of two emission sources 
is hybrid welding. In can be seen as evolution of the more conventional contour welding, it has already cornered in 
many applications. 
 
 
Fig.1. schematic function of laser welding of thermoplastics 
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2. The manufacturing of automotive tail lamps 
Automotive tail lamps changed dramatically since cars become built (Fig.2). Looking back for 50 years, the lens 
of the lamp was screwed to the housing, no welding process was considered. At this time the lamp compromised a 
metallic reflector. Later on the metallization plastics became common, housings were made of a thermoplastic 
material such as ABS and the lens was made of PMMA. These material allowed the designer to use a more complex 
shape and the lens could be welded to the housing. For this procedure the use of hot plate welding is common. This 
method creates weld seams which does not appear very well. Another technology called vibration welding was used 
to create better seams. But also this method has to suffer with some difficulties. As the welding zone become heated 
by friction, the lens need to be moved relatively to the housing, this process creates abrasion and does reduce 
freedom of 3-D shapes. These both technologies described are upon today the standard technologies in the 
manufacturing of tail lamps. As the designers make the lamps more and more becoming an important design 
element, also the weld seam need to be considered. Especially the use of highly transparent lenses, allowing the 
direct view onto the weld seam, made the production of modern tail lamps much more complex as it was in the past.  
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2. (a) Tail lamp of Opel Kadett A              (b) tail lamp of Opel Astra G          (c) tail lamp of Opel Insignia 
Today following process steps are required in the production of tail lamps: 
 
• Injection moulding of housing and lens 
• Metallization of housing 
• Assembly of lamp 
• Welding of lens to the housing 
• Annealing process to reduce internal stress level 
 
Having a look to the cost saving and quality increasing potential in the injection moulding process, especially 2 
points are noticeable. To hide a badly aligned weld seam the use of a 2K shot at the lens side is common. This 
technology creates a black or red frame hiding the weld seam. This technology requires a special injection moulding 
tool which is aprox. Twice as expensive as 1K tool is. Furthermore special 2K- injection moulding machines are 
required. In the required class of 1200 tons of locking force, the investment for such a machine is extremely high. 
Another problem caused by the requirements of conventional welding techniques is the need for a so called weld 
leg. This weld leg is up to 10 mm long rib located in the welding area. This rib has to be rectangular to the surface 
and it is needed as melting material. As today’s tail lamps and other exterior are mainly 3-D shaped the demoudling 
process of these ribs require additional sliders in the injection moulding tool. Beside the increase of tool costs, these 
sliders tend to leave marks in the surface of the transparent lens, which affects the appearance badly.    
One important demand for automotive exterior parts is its resistance against aggressive solvents such as fuel, 
ethanol and conservation wax. All these chemicals make the thermoplastic component become refractory. If the 
reduced tensile strength is lower than the internal stress level, the material cracks. As the stress level is extremely 
high in the weld seam, especially they are endangered to get damaged by the influence of these solvents. The 
increase of stress is caused by cooling down the material after thermal processing. As faster this cool down process 
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is as higher the stress introduced is. Compared to the level caused by the injection moulding process the stress in the 
weld seam is aprox. ten times higher. In order reduce this level and to fulfill the requirements of the OEM´s 
automotive component suppliers use to anneal the parts after welding by hot plate or by vibration. This annealing 
process involves an oven to heat up the part to 80°C and cooling it back down slowly. This process can take up to 45 
min and makes the architecture of a modern line production difficult.  
Laser welding of plastic has already proofed its capability to create highly sophisticated weld seams which would 
increase the quality impression of these products (Fig. 3). As this technique is addicted to the heat conduction 
between both joining partners, and as air is a good heat insulator, any gap between the parts causes problems during 
the welding process. Mainly this fact and the high costs of a difficult 3-D shaped welding tool prevented the use of 
the laser welding for big 3D- shaped products in the past. To solve this concerns and to make the laser welding 
technology with its advantages usable for the production of big sized 3-dimensional components, LPKF Laser & 
Electronics AG launched in cooperation with the Bavarian Laser Centre (BLZ) the development of the hybrid laser 
welding technology with its flexible clamping roller.   
 
 
Fig. 3. Scanning microscopic view of the weld seam  
(a) Vibration welding, (b) hot plate welding, (c) and laser-hybrid welding  (hot plate and hybrid welding in same magnification) 
3. Hybrid welding 
Hybrid welding is a further advancement of classic contour welding. This technique was jointly developed in 
2005 as a result of a co-operation between LPKF Laser & Electronics AG and the Bavarian laser centre. Instead 
ofrelying solely on energy provided by a laser, hybrid welding combines the advantages of lasers with those of a 
polychromatic light source (Fig.4). Halogen lamps have proven particularly suitable for hybrid welding. Although 
having maximum emissions in the near infrared range, these secondary emitters differ from lasers by emitting a 
broad band emission spectrum. The benefit of these emission sources is that in hybrid welding, the secondary 
radiation fulfils two different tasks. Firstly, the spot diameter of the halogen light is much larger than the laser beam. 
So, because both sources are focused on the same point, they give a total radiation profile which decreases strongly 
on the outside with an intensity peak at the centre coming from the laser beam. When this set-up crosses a point on a 
welding line, the material is first slowly warmed up, then melted by the laser beam, and then cooled down slowly 
when it again passes into the area only influenced by the halogen light. This is the biggest advantage of hybrid 
welding: it prevents a welding seam from cooling down too quickly, and so stops stresses building up in the 
material. Another advantage is the continuous spectrum of the halogen spot: whilst laser light passes almost 
completely unhindered through the transparent upper component, the upper layer absorbs a large proportion of the 
secondary radiation. This means that the upper transparent component is not exclusively warmed by indirect thermal 
conduction as is the case with the other laser welding methods. Direct absorption gives rise to more homogenous 
temperature development. Conversion to the hybrid welding technology means that a production line can cut out a 
whole processing step because annealing is no longer required. Through the use of this secondary emission feed 
rates of up to 150mm/s are reachable. The system also has advantages in welding products where the priority is on 
high productivity for products produced in small batches. By using a clamping roller to provide the required 
clamping fore, hybrid welding completely dispenses with the otherwise essential upper tool. This saves production 
costs, and the associated absence of any wear or contamination which otherwise increase the proportion of rejects.   
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Fig. 4. Schematic function of the hybrid welding process 
3.1. TwinWeld3D 
Since October 2009 LPKF provides the TwinWeld3D systems. These machines are based on the patented hybrid 
welding technology but include further improvements. Comparable to the more conventional contour welding 
process, the welding head is moved along the weld seam once by a robot. Additionally to the pure optics, this 
system compromises an air suspensioned clamping roller. This clamping roller provides the required clamping force 
while being moved along the weld seam by a robot. This technique makes sure the required force is provided exactly 
in the area the material is plastified. Supported by the heat of the halogen emitter the upper material becomes more 
flexible, the clamping roller deforms the lens in the elastic range without leaving marks. Differing to the contour 
welding process, this flexibility of lens allows to reach a certain melt down travel, gaps like ejector marks can easily 
been closed. While the robot moves the head along the weld seam, it rotates clamping roller to the direction 
movement. Therefore, the inside part of the head can be rotated independently from it outer housing. Based on a ring 
shaped halogen emitter, the laser beam passes this emitter though the hole in the middle. Primary and secondary 
emission gets focused by one common focusing lens. An air suspension integrated to the processing head, 
guarantees a constant clamping force, even the welding parts deviate. This technology makes the tool providing the 
clamping pressure from the top side dispensable. The project related costs are limited to a lower tool which 
references the parts and supports the weld line from lower side. Vibration and well as hot plate welding require a 
weld leg at the lens side.  
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Fig. 5. picture of processing head 
3.2. Process control 
Since several years the automotive component supply industry follows the so called “0ppm” strategy. This 
mission statement means no defect has to appear after delivery. The most important question, to fulfill this hard 
requirement, is how to detect securely any defect could appear. To develop an system competing with this demand, 
LPKF Laser & Electronics and the Bavarian laser center launched a case study to find out which defects has to be 
detected. This study comes up with following defects harming the product quality: 
 
• Welding defect 
• Geometrical misalignment  
• Contamination in weld seam area 
• Ejector marks or other gaps between joint partners 
 
For the more conventional contour welding, a pyrometric measurement of process heat is state of the art and is 
already used in the production lines since several years. This method measures the temperature in the absorbing 
lower part while welding. The technology is able to detect gaps and defects caused by the laser emission.  
As the hybrid laser welding technique is based on a polychromatic IR emission beside the monochromatic laser, this 
method cannot be used. The polychromatic emission jams the correct measurement of process heat. Another 
solution, not being influenced by the secondary emission had to be found. Resulting from this study LPKF released 
a unique system based on laser triangulation. This technique involves a laser sending its beam under a defined angle 
into the material, at the opposite side a detector senses the reflected light (Fig. 5). The beam penetrates the 
transparent upper material, every time the beam passes materials of different optical density on its way, a portion get 
reflected.  
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Fig. 6. schematic sketch of process control by laser triangulation  
According to the formula 
 
 
 
 
 
The intensity of reflected light is a function of the difference of optical density. With a look to the application of 
automotive tail lamps this fact means, one reflection appears at the top surface of the lens (air - PMMA) another one 
at the backside of the lens (PMMA – ABS) 
 
n air   = 1  
n PMMA  = 1,49 
n ABS  = 1,54 
 
The Sensor is based on a CCD array which is able to sense 2 different relevant information which are firstly the Z-
position of detected reflection and secondly the intensity of reflection. By this information it is possible to detect 
defects such as leaks in the weld seam, contaminations, air pockets etc. By the information of Z-direction the sensor 
is also able to firstly localize the defect and secondly measure the position of lens to supervise keeping the 
geometrical tolerances.   
 
Fig. 7. (a) typical signal of a weld seam without defect,  (b) detected welding defect 
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